###### Strengths and limitations of this study

-   The strength of our study is its population-based cohort design with a large number of patients and long-term follow-up, which aims to evaluate the association between Sjögren's syndrome and osteonecrosis of the jaw (ONJ) after tooth extraction.

-   The National Health Insurance Research Database registry could not provide detailed information regarding laboratory results, family histories and health-related lifestyle factors.

-   We did not evaluate the association between ONJ and other antiresorptive and antiangiogenic agents in this study.

Introduction {#s1}
============

Osteonecrosis of the jaw (ONJ) is detrimental to patients. The incidence of ONJ is greatest in the oncology patient population (1%--15%). In the osteoporosis patient population, the incidence of ONJ is estimated as 0.001%--0.01%, which is marginally higher than the incidence in the general population (\<0.001%).[@R1] Medication-related osteonecrosis of the jaw (MRONJ) is a severe side effect of antiresorptive and antiangiogenic therapies used for the management of oncological and osteoporotic patients.[@R2] Periodic dental checks, non-surgical treatments including antiseptic mouth rinses and cyclic antibiotic therapy, and surgical removal of necrotic bone might be needed in patients with MRONJ. Bisphosphonates (BPs) and the more potent nitrogen-containing bisphosphonates (N-BPs) are used for the treatment of cancer-related bone metastasis, multiple myeloma and osteoporosis. The risk factors for the development of MRONJ include diabetes, tobacco use and treatment with corticosteroids, immunosuppressants or radiotherapy.[@R3] Long-term use of BPs is an important risk factor in BP-related osteonecrosis of the jaw (BRONJ).

Sjögren's syndrome (SS) is a systemic autoimmune disorder; patients with SS commonly present with dry eyes and dry mouth. The prevalence of SS could be as high as 4.8% in some populations when strictly defined according to the American--European Consensus Criteria, and SS is one of the most common autoimmune diseases.[@R4] SS predominately affects women in the fourth decade of life.[@R5] Dry eyes and dry mouth affect the patient's quality of life. Patients with SS could have impaired oral hygiene due to dry mouth (xerostomia).[@R6] Several molecular mechanisms, including dysregulated transforming growth factor-β (TGF-β) signalling pathways and matrix metalloproteinase (MMP) activation, are associated with the pathogenesis of both SS and BRONJ.[@R8] However, the association between SS and BRONJ has not been thoroughly evaluated in large-scale studies.

Based on this evidence, we hypothesised that patients with SS may be susceptible to BRONJ due to shared risk factors and molecular pathways. Therefore, we aimed to determine whether patients with SS exhibit an increased risk of BRONJ after tooth extraction using the statistical analysis of a nationwide healthcare insurance claim database.

Methods {#s2}
=======

Data source {#s2a}
-----------

This is a nationwide population-based retrospective cohort study using data acquired from the Longitudinal Health Insurance Database (LHID) from 2000 to 2013; the LHID is a subgroup database of the Taiwan National Health Insurance Research Database (NHIRD). The National Health Insurance programme in Taiwan provides healthcare for 99% of the population (greater than 23 million people) and was implemented in 1995. The LHID contains deidentified secondary data that are available to researchers. Individual information was protected by encoding personal identifiers to prevent ethical violations related to the data. The LHID provides information on medical service utilisation using a randomly selected sample of approximately one million people receiving benefits, representing approximately 5% of Taiwan's population. The accuracy of the diagnoses in the NHIRD, particularly diagnoses of major diseases, has been corroborated.[@R10] The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic and procedure codes (up to five each), gender, birthday, dates of admission and discharge, and outcomes are coded.

Patient and public involvement {#s2b}
------------------------------

The NHIRD encrypts patient personal information to protect privacy and provides researchers with anonymous identification numbers associated with relevant claims information. Therefore, patient consent is not required to access the NHIRD. The International Research Board also waived the consent requirement. This study complied with the Declaration of Helsinki and relevant guidelines.

Sampled patients {#s2c}
----------------

The primary outcome of the study was to determine whether patients with SS exhibit an increased risk of developing BRONJ after tooth extraction. This study used study and comparison cohorts. Using the LHID (2000--2013), we enrolled adult patients aged \>20 years who were newly diagnosed with SS. The date of SS diagnosis was used as the index date. Tooth extraction significantly increased the risk of BRONJ.[@R12] Patients who developed ONJ after tooth extraction, including other specified diseases of the jaw, ONJ, osteomyelitis of the jaw, osteonecrosis and osteomyelitis, were then identified as having BRONJ. We excluded patients who had a follow-up time \<6 months and patients who received the abovementioned diagnosis prior to the index date. Radiotherapy and medical treatments, including the use of steroids, BPs and chemotherapy, were analysed for associations with ONJ. Relevant comorbidities, including malignancy, osteoporosis, diabetes mellitus (DM), chronic kidney disease (CKD) and hypertension, were also identified. The relevant ICD-9CM codes are summarised in online [supplementary table 1](#SP1){ref-type="supplementary-material"}. Control candidate sampling comparisons were selected from individuals in the LHID who did not have a history of SS. The patient and control cohorts were selected by 1:4 matching according to the following baseline variables: age, sex and index year. The index year for control patients was the same as the year for the corresponding patients with SS. Propensity-matching analysis was performed in the logistic regression model. The potential confounders were index year, gender, age and comorbidities. The match tolerance was 0.15 with the nearest neighbour method. The study comparison cohort-matching ratio was fourfold (study:comparison=1:4).
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Statistical analysis {#s2d}
--------------------

Continuous variables, which are presented as the mean and SD, were compared using t tests. Categorical variables, which are presented as percentages, were compared using χ^2^ or Fisher's exact test. The associations between those outcomes (prognoses) and clinical characteristics were investigated using the Cox regression model. The results are presented as adjusted HRs with corresponding 95% CIs. The threshold for statistical significance was p\<0.05. All data analyses were conducted using SPSS software V.22 (SPSS).

Results {#s3}
=======

A flow diagram of the patient enrolment procedure is shown in [figure 1](#F1){ref-type="fig"}. In total, 13 398 patients diagnosed with SS were identified in the NHIRD, which contains a total of 989 753 individuals. An additional 53 592 propensity score-matched patients were designated as controls. After matching, compared with the controls, patients with SS had fewer malignancies and lower incidence rates of DM and CKD but more frequent use of BPs and treatment with radiotherapy and steroids ([table 1](#T1){ref-type="table"}). After 3 years of follow-up, patients with SS started to exhibit a significantly increased cumulative risk of developing ONJ after tooth extraction in subsequent years compared with that of patients without SS (log rank test \<0.001, [figure 2](#F2){ref-type="fig"}). [Table 2](#T2){ref-type="table"} presents the incidence of ONJ during the 13-year follow-up period. At the end of the follow-up period, patients with SS exhibited a significantly increased incidence of ONJ compared with that of the controls (0.08% vs 0.03%, p=0.017), with increased exposure to BPs (10.85% vs 9.36%, p\<0.001), chemotherapy (1.06% vs 0.72%, p\<0.001) and steroids (19.65% vs 0.26%, p\<0.001). Patient with SS had lower incidences of malignancy (12.06% vs 17.18%, p\<0.001), DM (9.64% vs 15.86%, p\<0.001) and CKD (1.63% vs 3.54%, p\<0.001) than the controls. The Cox regression model showed that independent of the effects of gender and age, patients with SS also exhibited a significantly increased risk of developing ONJ compared with that of patients without SS (adjusted HR=7.635, 95% CI 3.126 to 18.649, p\<0.001, [table 3](#T3){ref-type="table"}). Use of BPs (adjusted HR=2.488, 95% CI 1.005 to 6.156, p=0.045) and male gender (adjusted HR=2.573, 95% CI 1.115 to 5.556, p=0.020) but not chemotherapy, radiotherapy or the use of steroids was associated with an increased risk of ONJ ([table 3](#T3){ref-type="table"}). [Figure 3](#F3){ref-type="fig"} shows the interactive effects of SS and BPs after adjusting for other factors. The risk of BRONJ in SS patients without BP treatment was 5.316-fold higher than that of patients without SS and BP treatment. The risk of BRONJ in patients with SS was 19.475-fold higher than that of patients without SS and BP treatment (p\<0.001). There were no differences in the incidence of tooth extraction between patients with SS and without SS (9% vs 9%, respectively).

![Patient selection flow chart. ONJ, osteonecrosis of the jaw.](bmjopen-2018-024655f01){#F1}

![Kaplan-Meier curve of the cumulative risk of osteonecrosis of the jaw (ONJ) due to Sjögren's syndrome.](bmjopen-2018-024655f02){#F2}

![Interaction between the risk of osteonecrosis of the jaw due to Sjögren's syndrome and the use of bisphosphonates.](bmjopen-2018-024655f03){#F3}

###### 

Characteristics of the study participants at baseline

  ------------------------------------------------------------------------------------
                    Total           Sjögren's syndrome\   Without          P value
                                    with                                   
  ----------------- --------------- --------------------- ---------------- -----------
  Total             66 990          13 398 (20.00)        53 592 (80.00)   

  Gender                                                                   0.999

  Male              12 530 (18.7)   2506 (18.70)          10 024 (18.70)   

  Female            54 460 (81.3)   10 892 (81.30)        43 568 (81.30)   

  Age (years)       55.68±16.03     55.85±15.81           55.63±16.08      0.164

  Malignancy        7403 (11.05)    1053 (7.76)           6350 (11.85)     \<0.001\*

  DM                7457 (11.13)    907 (6.77)            6550 (12.22)     \<0.001\*

  Hypertension      9273 (13.84)    1916 (14.3)           7357 (13.37)     0.088

  CKD               931 (1.39)      137 (1.02)            794 (1.48)       0.878

  Osteoporosis      1466 (2.19)     503 (3.75)            963 (1.80)       \<0.001\*

  Bisphosphonates   6471 (9.66)     1454 (10.85)          5017 (9.36)      \<0.001\*

  Steroids          2775 (4.14)     2633 (19.56)          142 (0.26)       \<0.001\*

  Radiotherapy      39 (0.06)       1 (0.01)              38 (0.07)        0.004\*

  Chemotherapy      245 (0.37)      58 (0.48)             187 (0.35)       0.148
  ------------------------------------------------------------------------------------

P value (categorical variables: χ^2^/Fisher exact test; continuous variables: t test).

CKD, chronic kidney disease; DM, diabetes mellitus.

###### 

Incidence rates of osteonecrosis of the jaw (ONJ) and other characteristics in the enrolled study participants at the end of the 13-year follow-up period

  -------------------------------------------------------------------------------------
                    Total            Sjögren's syndrome\   Without          P value
                                     With                                   
  ----------------- ---------------- --------------------- ---------------- -----------
  Total             66 990           13 398 (20.00)        53 592 (80.00)   

  ONJ               28 (0.04)        11 (0.08)             17 (0.03)        0.017\*

  Gender                                                                    0.999

   Male             12 530 (18.70)   2506 (18.7)           10 024 (18.7)    

   Female           54 460 (81.30)   10 892 (81.30)        43 568 (81.30)   

  Age (years)       59.63±17.54      57.40±16.88           60.19±17.66      \<0.001\*

  Malignancy        10 825 (16.16)   1616 (12.06)          9209 (17.18)     \<0.001\*

  DM                9794 (14.62)     1292 (9.64)           8502 (15.86)     \<0.001\*

  Hypertension      10 984 (16.4)    2171 (16.20)          8813 (16.44)     0.506

  CKD               2115 (3.16)      218 (1.63)            1897 (3.54)      \<0.001\*

  Osteoporosis      1268 (1.89)      425 (3.17)            843 (1.57)       \<0.001\*

  Bisphosphonates   6471 (9.66)      1454 (10.85)          5017 (9.36)      \<0.001\*

  Steroids          2775 (4.14)      2633 (19.65)          142 (0.26)       \<0.001\*

  Radiotherapy      46 (0.07)        4 (0.03)              42 (0.08)        0.063

  Chemotherapy      526 (0.79)       152 (1.06)            384 (0.72)       \<0.001\*
  -------------------------------------------------------------------------------------

P value (categorical variable: χ ^2^/Fisher exact test; continuous variables: t test).

CKD, chronic  kidney disease; DM, diabetes mellitus.

###### 

Factors associated with osteonecrosis of the jaw according to the Cox regression model

  Variables                         Crude HR   95% CI            P value   Adjusted HR   95% CI            P value
  --------------------------------- ---------- ----------------- --------- ------------- ----------------- -----------
  Sjögren's syndrome                9.047      3.937 to 20.787   \<0.001   7.635         3.126 to 18.649   \<0.001\*
  Gender (male)                     2.470      1.140 to 5.352    0.022     2.533         1.115 to 5.556    0.020\*
  Age (≧60 years vs 20--29 years)   1.035      0.138 to 7.770    0.974     1.024         0.131 to 8.014    0.982
  Malignancy                        1.838      0.781 to 4.326    0.163     1.593         0.659 to 3.848    0.301
  DM                                0.817      0.310 to 2.155    0.683     1.147         0.417 to 3.150    0.791
  Hypertension                      0.624      0.236 to 1.651    0.343     0.643         0.233 to 1.775    0.395
  Osteoporosis                      3.733      0.886 to 15.731   0.073     2.939         0.679 to 12.722   0.149
  Bisphosphonates                   2.538      1.029 to 6.260    0.043     2.488         1.005 to 6.156    0.045\*
  Steroids                          3.903      0.900 to 16.928   0.069     1.016         0.218 to 4.742    0.984
  Radiotherapy                      1.355      0.973 to 5.034    0.792     1.230         0.783 to 4.526    0.637
  Chemotherapy                      1.421      0.875 to 4.010    0.675     1.211         0.685 to 3.097    0.589

P values \<0.05 were considered statistically significant HR.

Adjusted HR, adjusted variables listed in the table; DM, diabetes mellitus.

Discussion {#s4}
==========

We found that patients with SS were more susceptible to ONJ than patients without SS. Patients with SS were even susceptible to BPs, with a nearly ninefold increased risk of BRONJ after tooth extraction compared with those without SS.

There is a high risk of underdiagnosis of ONJ due to a lack of awareness and the absence of unified diagnostic criteria.[@R15] Although the incidence of ONJ is rare, the development of ONJ can be devastating. Recognition of patients who are at higher risk is therefore crucial. Risk factors for BRONJ include DM, cancer and the use of corticosteroids, immunosuppressants and radiotherapy. A significant association between ONJ and SS was observed in a recent study analysing the Food and Drug Administration (FDA's) Adverse Event Reporting System.[@R16] In this study, we further confirmed that patients with SS were susceptible to BRONJ after tooth extraction. We speculate that impaired oral health due to dry mouth could increase susceptibility to ONJ in patients with SS. Dry mouth could result in increased tooth wear, high rates of caries and repeated failure of dental restoration.[@R6] In the current study, there were no differences in tooth extraction between patients with and without SS. Low saliva flow combined with acid reflux could lead to a low pH in the oral cavity and overgrowth of acidophilic pathogens, which promote tooth decay and mucosal erosion.[@R16] Even when patients with cancer were excluded, the use of BPs, suppuration and extractions remained associated with ONJ.[@R19] Changes in immune cell function and inflammation, with an increased risk of chronic infection, predispose patients with DM to the development of MRONJ.[@R20] Rats with diabetes were also more susceptible to experimental BRONJ than rats without diabetes.[@R21] Steroids may be used to treat SS-induced joint and muscle pain.[@R22] Whether the use of steroids increases the risk of ONJ is still controversial. However, one study found that the use of steroids did not increase the risk of ONJ in patients with DM.[@R20] We further found that exposure to steroids, radiotherapy or chemotherapy does not increase the risk of ONJ in patients with SS. In this regard, we recommend caution with regard to the use of BPs in patients with SS.

In the current study, we also found that patients with SS were even more susceptible to BRONJ. Dysregulation of the TGF-β/Smad signalling pathway and MMPs is associated with both BRONJ and SS. Even low doses of BPs can significantly affect the expression of genes involved in osteoblast growth and differentiation through the production of TGF.[@R24] Potent N-BPs, such as zoledronate, can inhibit ischaemia-induced neovascularisation by impairing the mobilisation of endothelial progenitor cells and angiogenic functions, as well reducing bone mineralisation within tooth extraction sockets, with impaired bone healing.[@R25] Zoledronate suppresses TGF-β-induced fibrous tissue through the inhibition of Smad-dependent signal transduction.[@R28] Increased TGF-β signalling was observed in salivary glands with increased Smad2 phosphorylation and concomitant increases in extracellular matrix deposition. In a murine model of SS, aberrant TGF-β overexpression caused salivary gland hypofunction.[@R29] While many studies indicated that zoledronate could reduce the expression or activity of MMPs, zoledronate had been shown to increase the amount and enzymatic activity of MMP-9 during oral wound healing after tooth extraction in a rat model.[@R27] Activation of the innate immune system and the production of interferons could be the first stages of primary SS pathogenesis.[@R30] In human salivary gland cells, interferons modulate and increase the expression of MMP-2 and MMP-9.[@R31] The circulating levels of MMP-9 were increased in patients with SS.[@R32]

Limitations {#s4a}
-----------

Although we adjusted for confounding factors extensively using multivariate logistic regression models, there were several limitations and unmeasured confounders in our study. Although this is a nationwide population-based study, there was a limited number of BRONJ cases. The NHIRD contains up to five ICD-9-CM diagnostic codes for each medical utilisation. Some minor diseases and inactive medical problems could be lost thereafter. The NHIRD registry is not able to provide detailed information on laboratory results, family histories and health-related lifestyle factors, such as alcohol consumption and tobacco use. In this study, we used chronic obstructive pulmonary disease as a surrogate for tobacco use. However, other confounders, such as alcohol consumption, that lack suitable ICD-9CM coded surrogates could still influence the results. The identification of BRONJ by using tooth extraction could also cause selection bias. The relative risk of BRONJ after tooth extraction in patients with cancer who are receiving BP is reported to be up to 50 times higher than that in patients receiving BP who have not undergone tooth extraction.[@R12] We did not address the association between ONJ and other antiresorptive and antiangiogenic agents since there were limited treatment periods and only small amounts prescribed. Although our study identified the association between SS and BRONJ, the cohort study design did not enable the determination of a cause--effect relationship. Further prospective follow-up studies, mechanistic studies and animal experiments should be performed.

Conclusion {#s5}
==========

Patients with SS exhibit an increased risk of developing BRONJ. BPs should be used with caution in patients with SS.
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